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Zh vwxg| wkh lpsdfw ri d plqlpxp frqvxpswlrq uhtxluhphqw rq wkh udwh
ri hfrqrplf jurzwk dqg wkh hyroxwlrq ri zhdowk glvwulexwlrq1 Wkh uhtxluh0
phqw lqwurgxfhv d srvlwlyh ghshqghqfh ehwzhhq wkh lqwhuwhpsrudo hodvwlflw|
ri vxevwlwxwlrq dqg krxvhkrog zhdowk1 Wklv ghshqghqfh lpsolhv d wudqvlwlrq
skdvh gxulqj zklfk wkh jurzwk udwh ri shu0fdslwd txdqwlwlhv ulvh wrzdug wkhlu
vwhdg|0vwdwh ydoxhv dqg wkh glvwulexwlrqv ri zhdowk/ frqvxpswlrq/ dqg shupd0
qhqw lqfrph ehfrph pruh xqhtxdo1 Zh fdoleudwh wkh plqlpxp frqvxpswlrq
uhtxluhphqw wr pdwfk hvwlpdwhv dydlodeoh iru d vdpsoh ri Lqgldq yloodjhuv dqg
qg wkdw wkhvh wudqvlwlrqdo hhfwv duh txdqwlwdwlyho| vljqlfdqw dqg ghshqg
lpsruwdqwo| rq wkh hfrqrp|*v vwhdg|0vwdwh jurzwk udwh1Zrunlqj Sdshu Qr1 <:048
Plqlpxp Frqvxpswlrq Uhtxluhphqwv=
Wkhruhwlfdo dqg Txdqwlwdwlyh Lpsolfdwlrqv iru
Jurzwk dqg Glvwulexwlrq
Vdw|dmlw Fkdwwhumhh4




4Fruuhvsrqglqj dxwkru= Vdw|dmlw Fkdwwhumhh/ Ihghudo Uhvhuyh Edqn ri Sklodgho0
skld/ 43 Lqghshqghqfh Pdoo/ Sklodghoskld/ SD 4<3451 Hduo| yhuvlrqv ri wklv sdshu
zhuh suhvhqwhg dw wkh 4<<9 Qruwk Dphulfdq Hfrqrphwulf Vrflhw| Vxpphu Phhw0
lqjv dqg wkh QEHU Vxpphu Lqvwlwxwh Zrunvkrs rq Lqfrph Glvwulexwlrq1 Zh zlvk
wr wkdqn wkh frqihuhqfh sduwlflsdqwv dqg Pdufhor Yhudflhuwr iru khosixo frpphqwv1
Wkh ylhzv h{suhvvhg lq wklv duwlfoh duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo|
uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Sklodghoskld ru ri wkh Ihghudo Uhvhuyh
V|vwhp14 Lqwurgxfwlrq
Wklv sdshu h{soruhv wkh hyroxwlrq ri shu0fdslwd frqvxpswlrq dqg zhdowk dqg
wkh hyroxwlrq ri wkh krxvhkrog glvwulexwlrq ri frqvxpswlrq dqg zhdowk lq d
srru hfrqrp| gxulqj wkh lqlwldo vwdjhv ri hfrqrplf jurzwk1 D nh| dvvxpswlrq
lv wkdw d krxvhkrog*v frqvxpswlrq h{shqglwxuh fdqqrw idoo ehorz d srvlwlyh
ohyho hdfk shulrg1 Wkh suhvhqfh ri d plqlpxp frqvxpswlrq uhtxluhphqw lp0
solhv wkdw d srru krxvhkrog*v hodvwlflw| ri vxevwlwxwlrq ehwzhhq frqvxpswlrq
dw glhuhqw gdwhv +l1h1/ lwv lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ ru LHV,
pd| eh orz frpsduhg wr wkdw ri d ulfk krxvhkrog1 Wkh pdlq remhfwlyh ri wklv
sdshu lv wr vwxg|/ txdolwdwlyho| dqg txdqwlwdwlyho|/ wkh lpsolfdwlrqv ri vxfk
zhdowk0lqgxfhg glhuhqfhv lq LHV iru hfrqrplf jurzwk dqg iru wkh hyroxwlrq
ri frqvxpswlrq dqg zhdowk glvwulexwlrqv1
Wkh prwlydwlrq iru rxu zrun vwhpv iurp wzr vrxufhv1 Iluvw/ wkhuh lv hy0
lghqfh iru plqlpxp frqvxpswlrq uhtxluhphqw1 Xvlqj sdqho gdwd rq Lqgldq
yloodjhuv/ Dwnhvrq dqg Rjdnl +4<<9 dqg 4<<:, dqg Urvhq}zhlj dqg Zroslq
+4<<6, hvwlpdwh plqlpxp frqvxpswlrq uhtxluhphqwv wkdw dprxqw wr d vlj0
qlfdqw iudfwlrq ri wrwdo frqvxpswlrq h{shqglwxuhv ri wkh dyhudjh krxvhkrog1
Lq dgglwlrq/ Uhehor +4<<5, dqg Rjdnl/ Rvwu|/ dqg Uhlqkduw +4<<9, srlqw wr
wkh orz vdylqjv udwhv dqg orz lqwhuhvw hodvwlflw| ri vdylqjv lq srru frxqwulhv dv
lqgluhfw hylghqfh ri plqlpxp frqvxpswlrq uhtxluhphqw1 Jlyhq wkh fhqwudo
uroh ri vdylqjv dqg fdslwdo dffxpxodwlrq lq hfrqrplf ghyhorsphqw/ lw vhhpv
dssursuldwh wr lqfrusrudwh wklv ihdwxuh lqwr prghov ri jurzwk1
Rxu vhfrqg prwlydwlrq lv wkdw wkh ghshqghqfh ri LHV rq krxvhkrog zhdowk
lpsolhg e| plqlpxp frqvxpswlrq uhtxluhphqw rshqv xs d srwhqwldoo| lp0
sruwdqw olqn ehwzhhq wkh pdfurhfrqrplf shuirupdqfh ri d frxqwu| +l1h1/ lwv
djjuhjdwh g|qdplfv, dqg wkh hyroxwlrq ri lwv frqvxpswlrq dqg zhdowk glv0
wulexwlrqv1 Wkh uhfhqw uhvxujhqfh ri lqwhuhvw lq jurzwk hfrqrplfv kdv ohg
uhvhdufkhuv wr uh0h{dplqh wkh olqnv ehwzhhq lqhtxdolw| dqg hfrqrplf jurzwk1
Ehqderx +4<<9d, vxuyh|v d odujh dqg jurzlqj olwhudwxuh rq wkh glhuhqw zd|v
lq zklfk lqfrph lqhtxdolw| dhfwv wkh survshfwv ri hfrqrplf jurzwk1 Fkdq0
qhov h{soruhg lqfoxgh wkh uroh ri srolwlfv +h1j1/ Shuvvrq dqg Wdehoolql +4<<5,,/
wkh uroh ri hgxfdwlrqdo srolflhv +h1j1/ Jorpp dqg Udylnxpdu +4<<5,,/ wkh
uroh ri pdunhwv dqg vshfldol}dwlrq +h1j1/ Wdpxud +4<<5/4<<9,,/ dqg wkh uroh ri
hqgrjhqrxv vruwlqj +h1j1/ Ehqderx +4<<9e, dqg Gxuodxi +4<<9,,1 Lq frq0
wudvw wr wkhvh vwxglhv/ zh irfxv rq wkh srvvlelolw| wkdw wkh udwh ri hfrqrplf
jurzwk pljkw dhfw wkh hyroxwlrq ri lqfrph lqhtxdolw| ehfdxvh ulfk dqg srru
4krxvhkrogv uhvsrqg lq glhuhqw zd|v wr wkh vdph jurzwk rssruwxqlw|1
Zh dffrpsolvk wzr wdvnv lq wklv sdshu1 Iluvw/ zh suhvhqw wkhruhwlfdo uh0
vxowv rq wkh lpsdfw ri d plqlpxp frqvxpswlrq uhtxluhphqw rq wkh udwh ri
hfrqrplf jurzwk dqg wkh hyroxwlrq ri wkh krxvhkrog glvwulexwlrq ri frqvxps0
wlrq dqg zhdowk iru dq hfrqrp| zlwk d olqhdu surgxfwlrq whfkqrorj|1 Zh vkrz
wkdw vxfk d uhtxluhphqw lpsolhv d wudqvlwlrq skdvh gxulqj zklfk wkh jurzwk
udwhv ri shu0fdslwd txdqwlwlhv ulvh wrzdug wkhlu vwhdg|0vwdwh ydoxhv dqg wkh
glvwulexwlrqv ri frqvxpswlrq/ shupdqhqw lqfrph/ dqg zhdowk ehfrph sur0
juhvvlyho| pruh xqhtxdo1 Zh dovr h{soruh krz wkh qdwxuh ri wklv wudqvlwlrq
skdvh lv dhfwhg e| glhuhqw lqlwldo frqglwlrqv1 Iru lqvwdqfh/ hfrqrplhv wkdw
vwduw rxw srruhu h{klelw vorzhu jurzwk dqg d pruh xqhtxdo glvwulexwlrq ri
zhdowk ryhu wlph1
Vhfrqg/ zh fdoleudwh wklv prgho wr pdwfk frqvxpswlrq sdwwhuqv dqg hv0
wlpdwhv ri plqlpxp frqvxpswlrq uhtxluhphqwv dydlodeoh iru Lqgldq yloodjhv
dqg vkrz wkdw wkh hhfw ri plqlpxp frqvxpswlrq uhtxluhphqw pd| eh txdq0
wlwdwlyho| lpsruwdqw/ hvshfldoo| li wkh xqghuo|lqj udwh ri uhwxuq rq fdslwdo
shuplwv rqo| prghvw jurzwk1 Zh dovr qg wkdw wkh uhodwlrqvkls ehwzhhq
+zhdowk dqg frqvxpswlrq, lqhtxdolw| dqg udwh ri hfrqrplf jurzwk ghshqgv
rq wkh ohqjwk ri wlph hfrqrplhv kdyh vshqw rq wkhlu vxvwdlqhg jurzwk sdwkv1
Iru lqvwdqfh/ dprqj hfrqrplhv wkdw kdyh vshqw rqo| d vkruw wlph rq wkhlu
vxvwdlqhg jurzwk sdwk/ wkh uhodwlrqvkls ehwzhhq udwh ri hfrqrplf jurzwk dqg
zhdowk lqhtxdolw| lv srvlwlyh/ l1h1/ idvwhu0jurzlqj hfrqrplhv vkrz eljjhu lq0
fuhdvhv lq zhdowk lqhtxdolw|1 Rq wkh rwkhu kdqg/ dprqj hfrqrplhv wkdw kdyh
vshqw d orqj wlph rq wkhlu vxvwdlqhg jurzwk sdwkv/ wkh uhodwlrqvkls ehwzhhq
lqhtxdolw| dqg udwh ri hfrqrplf jurzwk lv vkdshg olnh dq lqyhuwhg X1
Ilqdoo|/ zh vkrxog qrwh wkdw wklv vwxg| dggv wr d jurzlqj olwhudwxuh wkdw
hpskdvl}hv wkh uroh ri zhdowk0lqgxfhg glhuhqfhv lq LHV lq xqghuvwdqglqj
jurzwk dqg glvwulexwlrq1 Uhehor/ lq wkh vwxg| phqwlrqhg deryh/ xvhg gli0
ihuhqfhv lq LHV uhvxowlqj iurp plqlpxp frqvxpswlrq uhtxluhphqw wr vxj0
jhvw dq h{sodqdwlrq iru wkh sx}}olqj glhuhqfhv lq wkh udwhv ri jurzwk ri
hfrqrplhv olqnhg e| zruog fdslwdo pdunhwv1 Fkdwwhumhh +4<<7, h{soruhg wkh
uroh ri zhdowk0lqgxfhg glhuhqfhv lq LHV +dulvlqj iurp plqlpxp frqvxpswlrq
uhtxluhphqw dqg rwkhu vrxufhv, lq vkdslqj wkh hyroxwlrq ri zhdowk glvwulex0
wlrq lq wkh vwdqgdug qhrfodvvlfdo jurzwk prgho1 Hdvwhuo| +4<<7,/ lq d prgho
zlwk {hg idfwruv dqg plqlpxp frqvxpswlrq uhtxluhphqw/ vkrzv krz hfr0
qrplf srolflhv ghwhuplqh zkhwkhu frxqwulhv vwdjqdwh ru qrw1 Prvw uhfhqwo|/
Fdvhool dqg Yhqwxud +4<<9, kdyh sursrvhg d prgho ri lqfrph glvwulexwlrq lq
5zklfk zhdowk0lqgxfhg glhuhqfhv lq LHV sod| d surplqhqw uroh dqg dssolhg lw
wr wkh X1V1 gdwd1
5 Wkh Prgho
Suhihuhqfhv
Krxvhkrogv kdyh suhihuhqfhv ryhu frqvxpswlrq vhtxhqfhv1 Wkhvh suhihu0






ES|  k￿3j  
  j
$
zkhuh S|  k lv frqvxpswlrq lq shulrg |c k : f lv wkh plqlpxp uhtxluhg
frqvxpswlrq lq hdfk shulrg/ q 5 Efc lv wkh glvfrxqw idfwru/ dqg j:flv
d sdudphwhu wkdw frqwurov wkh fxuydwxuh ri wkh prphqwdu| xwlolw| ixqfwlrq1
Iru j ' / wkh prphqwdu| xwlolw| ixqfwlrq lv lqwhusuhwhg wr eh *?ES|  k1
Zkhq k 'f / wkh fxuydwxuh sdudphwhu j lv wkh lqyhuvh ri wkh lqwhuwhpsr0
udo hodvwlflw| ri vxevwlwxwlrq1 Zkhq k:f / wkh LHV lq shulrg | lv qr orqjhu
d frqvwdqw1 Wkh qhz h{suhvvlrq iru wkh LHV fdq eh ghulyhg e| sduwldoo| gli0
ihuhqwldwlqj wkh orjdulwkp ri wkh lqwhuwhpsrudo pdujlqdo udwh ri vxevwlwxwlrq
ehwzhhq shulrgv | dqg | nzlwk uhvshfw wr wkh orjdulwkp ri ES|n￿*S| dqg









Wkxv/ dv frqvxpswlrq lqfuhdvhv eh|rqg k/ wkh LHV lqfuhdvhv iurp f wr *j1
Wkh srvlwlyh ghshqghqfh ri LHV rq wkh ohyho ri frqvxpswlrq lv wkh nh| ihdwxuh
ri wkhvh suhihuhqfhv1
Whfkqrorj|
Doo krxvhkrogv kdyh dffhvv wr d whfkqrorj| iru pdnlqj wkh jrrg1 Lqsxw
iru wkh whfkqrorj| lv wkh vwrfn ri fdslwdo g|  f dqg wkh rxwsxw lv t|  f1
Wkh whfkqrorj| lv olqhdu dqg ri wkh irup=
t| ' @g|
6zkhuh @:f 1 Krxvhkrogv dovr kdyh dffhvv wr d whfkqrorj| iru dffxpxodwlqj
fdslwdo=
g|n￿ 'E B  g |nf |
zkhuh B 5 Efc lv wkh udwh ri ghsuhfldwlrq ri fdslwdo dqg f| lv jurvv lqyhvw0
phqw lq shulrg |1 Zh dvvxph @:B1
Hqgrzphqwv
Hdfk krxvhkrog kdv hqrxjk lqlwldo fdslwdo wr hqvxuh lwvhoi wkh plqlpxp
uhtxluhg ohyho ri frqvxpswlrq hdfk shulrg/ l1h1/ &￿
f :k * E @B ; 1
Pdunhwv
Wkhuh duh uhdoo| rqo| wzr glvwlqfw jrrgv lq hdfk shulrg= wkh ehjlqqlqj ri
shulrg fdslwdo vwrfn dqg wkh vlqjoh jrrg lw fdq eh xvhg wr surgxfh1 Ohw wkh
htxloleulxp uhqwdo udwh iru rqh xqlw ri ehjlqqlqj0ri0shulrg fdslwdo lq whupv
ri wkh vlqjoh jrrg lq shulrg | eh o|1 Reylrxvo|/ o| ' @  B  o1
Rswlpl}dwlrq
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Ghqh glvfuhwlrqdu| frqvxpswlrq wr eh  S￿
| ' S￿
| k dqg glvfuhwlrqdu| fdslwdo
vwrfn wr eh  &￿
| ' &￿
|  k*o1 Wkh rswlpl}dwlrq sureohp lv wkhq htxlydohqw wr
rqh zkhuh wkh krxvhkrog fkrrvhv i S￿
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7Wklv sureohp fdq eh jlyhq wkh iroorzlqj uhfxuvlyh irupxodwlrq=
E &'4 @  
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Sursrvlwlrq 4 +Ghflvlrq Uxohv, Li qE n o￿3j 	 / wkh rswlpdo ghflvlrq
uxohv iru glvfuhwlrqdu| frqvxpswlrq dqg glvfuhwlrqdu| fdslwdo vwrfn duh=
S
￿













Iru hdvh ri h{srvlwlrq/ wkh irupdo surriv ri doo sursrvlwlrqv duh froohfwhg
lq wkh Dsshqgl{1
Htxloleulxp
Dowkrxjk krxvhkrogv kdyh glhuhqw ohyhov ri ehjlqqlqj0ri0shulrg fdslwdo
vwrfnv/ zlwk wkh pdunhw lqwhuhvw udwh ehlqj E@B dqg doo krxvhkrogv kdylqj
dffhvv wr wkh frpprq whfkqrorj|/ wkh htxloleulxp doorfdwlrq lv wkh vdph dv
wkdw dfklhyhg e| hdfk krxvhkrog rshudwlqj lq lvrodwlrq1 Wkxv/ zh pd| ylhz
wkhvh krxvhkrog ghflvlrq uxohv dv htxloleulxp ghflvlrq uxohv dv zhoo1
Wkh htxloleulxp shu0fdslwd txdqwlwlhv ri fdslwdo dqg frqvxpswlrq wkhq
duh 7 &|  E
S
￿ &￿




Wkh Lqwhusuhwdwlrq ri Fdslwdo Vwrfn
Ehfdxvh wkh prgho*v fdslwdo vwrfn lv qrw vxemhfw wr glplqlvklqj uhwxuqv/
lw lv ehvw wr ylhz lwv hpslulfdo frxqwhusduw wr eh d eurdg phdvxuh ri fdslwdo1
Zkdw pljkw wklv phdvxuh ehB Frqvlghu dq hfrqrp| lq zklfk krxvhkrogv
rewdlq lqfrph iurp oderu hruw dqg dffxpxodwhg dvvhwv1 Ohw wkh ehjlqqlqj0
ri0shulrg vwrfn ri dvvhwv ri krxvhkrog  eh @￿
| dqg lwv oderu hduqlqjv iru wkh
shulrg eh e￿
|1 Ohw wkh shulrg | uhwxuq rq dvvhwv eh o| Ghqh 4|nr wr eh
Tr




















|nr1 Wkh suhvhqw ydoxh exgjhw frqvwudlqw fdq wkhq
eh zulwwhq dv S￿
| n ￿
|n￿ 'E no | ￿
|1 Ixuwkhupruh/ li 5|  ￿
|n￿  ￿
|/w k h















Li o| lv vhw wr E@  B dqg ￿
| wr &￿
|/ wklv hqylurqphqw ehfrphv lvrprusklf wr
rxu prgho1 Wkxv/ wkh prgho fdslwdo vwrfn fdq eh uhdvrqdeo| lqwhusuhwhg dv
wkh ydoxh ri kxpdq dqg qrq0kxpdq zhdowk1 Wklv lqwhusuhwdwlrq lv h{dfw li
lqwhuhvw udwhv duh frqvwdqw ryhu wlph1
6 Wkhruhwlfdo Dqdo|vlv
Hyroxwlrq ri Shu0Fdslwd Fdslwdo Vwrfn
Pxowlso|lqj erwk vlghv ri wkh ghflvlrq uxoh iru glvfuhwlrqdu| fdslwdo vwrfn
e| * dqg vxpplqj ryhu  |lhogv dq h{suhvvlrq iru wkh jurzwk udwh ri shu0
fdslwd fdslwdo vwrfn=
7 &|n￿  7 &|
7 &|









Zh ehjlq zlwk d vlpsoh sursrvlwlrq derxw wkh hyroxwlrq ri shu0fdslwd fdslwdo
vwrfn1
Sursrvlwlrq 5 +H{lvwhqfh ri Uhsuhvhqwdwlyh Krxvhkrog, Wkh hyroxwlrq ri
shu0fdslwd fdslwdo vwrfn lv wkh vdph dv wkh hyroxwlrq ri fdslwdo vwrfn ri d
krxvhkrog hqgrzhg zlwk wkh shu0fdslwd vwrfn ri fdslwdo1
Wkxv/ iru wkh sxusrvh ri vwxg|lqj djjuhjdwh ru shu0fdslwd g|qdplfv wkhuh
lv qr orvv ri jhqhudolw| lq uhvwulfwlqj dwwhqwlrq wr d uhsuhvhqwdwlyh krxvhkrog1
Wkh h{lvwhqfh ri d uhsuhvhqwdwlyh krxvhkrog lv d frqvhtxhqfh ri wkh w|sh
ri xwlolw| ixqfwlrq dvvxphg dqg ri wkh dvvxpswlrq wkdw doo krxvhkrogv kdyh
dffhvv wr wkh vdph olqhdu whfkqrorj|1 Wkh qh{w sursrvlwlrq eulqjv rxw wkh
uroh sod|hg e| wkh plqlpxp frqvxpswlrq uhtxluhphqw lq wkh hyroxwlrq ri
shu0fdslwd fdslwdo vwrfn1
9Sursrvlwlrq 6 +Wkh Plqlpxp Frqvxpswlrq Uhtxluhphqw dqg Wudqvlwlrq
G|qdplfv, Frqvlghu d uhsuhvhqwdwlyh krxvhkrog hfrqrp| zlwk qE n o :
1 Wkh udwh ri jurzwk ri shu0fdslwd fdslwdo vwrfn lqfuhdvhv ryhu wlph dqg
frqyhujhv wr diE noqj
￿
j o dv | $4 1 Iru wudqvlwlrq sdwkv zlwk glhuhqw
k exw lghqwlfdo 7 &f/ wkh jurzwk udwh ri shu0fdslwd fdslwdo vwrfn dw dq| srlqw lq
wlph lv orzhu iru hfrqrplhv zlwk kljkhu k1 Iru wudqvlwlrq sdwkv zlwk lghqwlfdo
k exw glhuhqw 7 &f/ wkh jurzwk udwh ri shu0fdslwd fdslwdo vwrfn dw dq| srlqw lq
wlph lv orzhu iru hfrqrplhv zlwk orzhu 7 &f1
Dv lq wkh hfrqrp| zlwkrxw plqlpxp frqvxpswlrq/ rxu hfrqrp| jurzv
ryhu wlph li E n oq:dqg lwv vwhdg|0vwdwh jurzwk lv iE n oqj
￿
j  1
Wkxv/ wkh plqlpxp frqvxpswlrq uhtxluhphqw grhv qrw lq xhqfh vwhdg|0vwdwh
jurzwk exw lwv suhvhqfh lqwurgxfhv wudqvlwlrq g|qdplfv/ l1h1/ wkh vwhdg|0vwdwh
jurzwk udwh lv dfklhyhg dv|pswrwlfdoo| udwkhu wkdq lpphgldwho|14 Ixuwkhu0
pruh/ dq hfrqrp|*v jurzwk udwh ri shu0fdslwd fdslwdo vwrfn dozd|v odjv ehklqg
wkdw ri d vlplodu hfrqrp| zlwk d orzhu plqlpxp frqvxpswlrq uhtxluhphqw
ru wkdw ri d vlplodu hfrqrp| zlwk kljkhu lqlwldo shu0fdslwd fdslwdo vwrfn1 Wklv
lv wuxh iru wkh ohyho ri shu0fdslwd fdslwdo vwrfn dv zhoo1
Zkloh q/ j/d q goslq grzq wkh vwhdg|0vwdwh jurzwk udwh/ wkh lqlwldo
jurzwk udwhv ghshqg rq wkh lqlwldo fdslwdo vwrfn dqg wkh ohyho ri wkh uhtxluhg
plqlpxp frqvxpswlrq1 Dq hfrqrp| wkdw vwduwv rxw zlwk shu0fdslwd fdslwdo
vwrfn forvh wr wkh ohyho qhhghg wr pdlqwdlq plqlpxp frqvxpswlrq/ l1h1/ forvh
wr k*o/ zloo kdyh orz lqlwldo jurzwk udwhv1
Dv lq wkh vwdqgdug olqhdu jurzwk prgho/ wkh jurzwk udwh ri frqvxpswlrq
dqg fdslwdo vwrfn ghshqg srvlwlyho| rq wkh lqwhuwhpsrudo hodvwlflw| ri frq0
vxpswlrq1 Wkh uhdvrq wudqvlwlrq g|qdplfv h{lvw lq wklv prgho +dqg qrw lq
wkh vwdqgdug rqh, lv wkdw wkh LHV lv wlph0ydu|lqj1 Lq sduwlfxodu/ wkh LHV lq
shulrg | ghshqgv srvlwlyho| rq wkh ohyho ri frqvxpswlrq lq shulrg | zlwk wkh
ghshqghqfh ehfrplqj qhjoljleoh dv frqvxpswlrq pryhv iduwkhu dzd| iurp wkh
plqlpxp uhtxluhg ohyho1
Wr vhh wklv irupdoo|/ qrwh wkdw Sursrvlwlrq 4 lpsolhv=









4Qrwh iurp htxdwlrq +5, wkdw wkh jurzwk udwh lv }hur li +4.u,@4 1 Lq wklv fdvh wkhuh
duh qr wudqvlwlrqdo g|qdplfv hyhq zlwk d plqlpxp frqvxpswlrq uhtxluhphqw1
:Dssur{lpdwlqj diE n oqj
￿
j  o e| d uvw0rughu Wd|oru h{sdqvlrq durxqg
oW ' *q   |lhogv=










Li wkh wlph lqwhuydo lv vpdoo/ 7 S|n￿zloo eh yhu| forvh wr 7 S| dqg wkh uljkw0kdqg
vlgh ri wkh deryh htxdwlrq fdq eh zulwwhq dv qEooWLHV-.￿
| / zkhuh LHV-.￿
|
lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri wkh uhsuhvhqwdwlyh krxvhkrog1
Wkxv=




Khqfh/ wkh wudqvlwlrq g|qdplfv ri frqvxpswlrq pd| eh xqghuvwrrg lq whupv
ri krz wkh LHV ri wkh uhsuhvhqwdwlyh krxvhkrog hyroyhv zlwk hfrqrplf jurzwk1
Zkhq wkh hfrqrp| lv srru/ LHV-.￿
| lv forvh wr }hur dqg wkh jurzwk udwh ri
frqvxpswlrq lv yhu| orz1 Dv wkh vwdqgdug ri olylqj ri wkh dyhudjh krxvhkrog
lpsuryhv/ LHV-.￿
| lqfuhdvhv wrzdug *j dqg wkh jurzwk udwh ri frqvxpswlrq
frqyhujhv wrzdug qEo  oW*j15
Hyroxwlrq ri Zhdowk Lqhtxdolw|
Wklv vhfwlrq h{sodlqv wkh uroh ri wkh plqlpxp frqvxpswlrq uhtxluhphqw
lq vkdslqj wkh glvwulexwlrq ri fdslwdo vwrfn dfurvv krxvhkrogv1 Zh vwduw zlwk
wkh ghqlwlrq ri Oruhq} rughulqj/ d frqfhsw wkdw zloo eh xvhg uhshdwhgo| lq
wklv vhfwlrq1 Ohw wkh vkduh ri wrwdo fdslwdo khog e| krxvhkrog  lq shulrg | eh
r￿
|  &￿




| jt |1 Wkhq=
Ghqlwlrq 4 Duudqjh krxvhkrogv lq rughu ri lqfuhdvlqj vwrfn ri fdslwdo1 Ohw
t dqg t￿ eh wzr glhuhqw krxvhkrog glvwulexwlrqv ri fdslwdo vkduhv1 Wkhq/ t




￿’￿ r￿ iru doo   6   zlwk wkh
lqhtxdolw| kroglqj vwulfwo| iru dw ohdvw rqh 61
Wkh frqfhsw ri Oruhq} vxshulrulw| fdswxuhv wkh hvvhqfh ri zkdw lw phdqv
iru d glvwulexwlrq wr kdyh ohvv lqhtxdolw| wkdq dqrwkhu1 Dq| xvhixo vfdodu
phdvxuh ri lqhtxdolw| vkrxog dvvljq d orzhu lqhtxdolw| lqgh{ wr d glvwulexwlrq
5Vlqfh htxdwlrq +6, lv dq dssur{lpdwlrq/ zh gr qrw xvh lw +ru lwv dqdorj iru dq lqglylgxdo,
wr suryh dq| uhvxowv lq wklv sdshu1 Krzhyhu/ zh gr xvh lw wr surylgh lqwxlwlrq iru vrph ri
rxu uhvxowv1
;wkdw lv Oruhq} vxshulru lq frpsdulvrq wr dqrwkhu1 Frpprqo| xvhg lqhtxdolw|
phdvxuhv +h1j1/ wkh Jlql frh!flhqw dqg wkh frh!flhqw ri yduldwlrq, lqghhg gr
vr1 Iru wklv uhdvrq/ zh suhvhqw wkh prgho*v lpsolfdwlrqv derxw wkh hyroxwlrq
ri zhdowk lqhtxdolw| lq whupv ri Oruhq} rughulqjv1
Qrwh iurp Sursrvlwlrq 4 wkdw wkh glvwulexwlrq ri fdslwdo vkduhv zloo reyl0
rxvo| uhpdlq frqvwdqw ryhu wlph li qE n o' Wkh iroorzlqj sursrvlwlrq
ghvfulehv krz wkh krxvhkrog glvwulexwlrq ri fdslwdo vkduhv hyroyh zkhq wkhuh
lv jurzwk1
Sursrvlwlrq 7 +Jurzwk zlwk Lqfuhdvlqj Lqhtxdolw|, Li qEno :  wkhq iru
doo |  f/ wkh shu0fdslwd fdslwdo vwrfn lq shulrg | nlv juhdwhu wkdq wkdw
lq shulrg |/ exw wkh krxvhkrog glvwulexwlrq ri fdslwdo vkduhv lq shulrg | lv
Oruhq} vxshulru wr wkh krxvhkrog glvwulexwlrq ri fdslwdo vkduhv lq shulrg |n1
Krzhyhu/ dv | $4wkhuh lv qr fkdqjh lq wkh krxvhkrog glvwulexwlrq ri fdslwdo
vkduhv1
Wklv uhvxow pd| eh lqwxlwlyho| h{sodlqhg dv iroorzv1 Iru krxvhkrog /w k h











Vlqfh zhdowklhu krxvhkrogv zloo frqvxph pruh lq hyhu| shulrg +frqvxpswlrq
lq hdfk shulrg lv d qrupdo jrrg,/ zh nqrz iurp wkh ghqlwlrq ri LHV wkdw wkh
LHV ri ulfk krxvhkrogv zloo eh kljkhu wkdq wkdw ri srru krxvhkrogv1 Wkxv/ wkh
frqvxpswlrq ri ulfk krxvhkrogv zloo jurz idvwhu wkdq wkdw ri srru krxvhkrogv1
Wr vxssruw wkhlu vwhhshu frqvxpswlrq suroh/ ulfk krxvhkrogv vdyh d kljkhu
iudfwlrq ri wkhlu lqfrph uhodwlyh wr srru krxvhkrogv/ l1h1/ wkh| dffxpxodwh
fdslwdo idvwhu1 Frqvhtxhqwo|/ wkh glvwulexwlrq ri fdslwdo vkduhv ehfrphv pruh
xqhtxdo ryhu wlph1 Ixuwkhupruh/ dv wkh ohyho ri frqvxpswlrq ri doo krxvhkrogv
lqfuhdvhv/ wkhlu LHVv frqyhujh wr *j1 Wkxv/ lq wkh olplw/ doo krxvhkrogv
dffxpxodwh zhdowk dw wkh vdph udwh/ dqg wkhuh lv qr fkdqjh lq wkh glvwulexwlrq
ri fdslwdo vkduhv1
Vlqfh krxvhkrog *v shulrg | frqvxpswlrq lv d olqhdu ixqfwlrq ri &￿
| zlwk
srvlwlyh lqwhufhsw dqg vorsh whupv/ vwdwhphqwv frqfhuqlqj wkh hyroxwlrq ri
krxvhkrog fdslwdo vkduhv kdyh wkhlu dqdorjv lq krxvhkrog frqvxpswlrq dv
zhoo1 Wkxv/ lw lv dovr wkh fdvh wkdw lq wkh suhvhqfh ri plqlpxp frqvxpswlrq
uhtxluhphqwv/ hdfk krxvhkrog*v frqvxpswlrq dqg wkh lqhtxdolw| lq krxvhkrog
<frqvxpswlrq jurzv ryhu wlph1 Vlqfh lqfrph lv sursruwlrqdo wr &￿
|/ wkh vdph
lv wuxh ri lqfrph dv zhoo16
Rxu uhvxowv rq wkh hyroxwlrq ri wkh glvwulexwlrq ri zhdowk dqg frqvxps0
wlrq glhu iurp d vlplodu prgho zlwk qr plqlpxp frqvxpswlrq1 Lw iroorzv
iurp Sursrvlwlrq 4 +ru iurp htxdwlrqv +7, dqg +4,, wkdw zlwkrxw d plqlpxp
frqvxpswlrq uhtxluhphqw/ wkh lqhtxdolw| lq krxvhkrog zhdowk dqg frqvxps0
wlrq uhpdlqv frqvwdqw ryhu wlph1 Ixuwkhupruh/ li zh frpsduh wzr hfrqrplhv
lqlwldoo| lghqwlfdo lq doo uhvshfwv h{fhsw rqh kdv d plqlpxp frqvxpswlrq uh0
txluhphqw dqg wkh rwkhu grhv qrw/ wkh orqj uxq glvwulexwlrq lq wkh plqlpxp
frqvxpswlrq hfrqrp| lv pruh xqhtxdo1
Wkh qh{w sursrvlwlrq frpsduhv wzr hfrqrplhv zlwk glhuhqw lqlwldo glv0
wulexwlrqv ri fdslwdo vkduhv1
Sursrvlwlrq 8 Frqvlghu wzr hfrqrplhv/  ' c 2 clghqwlfdo lq doo uhvshfwv
lq wkh lqlwldo shulrg h{fhsw wkdw wkh lqlwldo glvwulexwlrq ri fdslwdo vkduhv lq
hfrqrp| / t￿
fc lv Oruhq} vxshulru wr t2
fcwkh lqlwldo glvwulexwlrq ri fdslwdo vkduhv
lq hfrqrp| 21 Wkhq t￿
| lv Oruhq} vxshulru wr t2
| iru doo |:f 1
Djdlq/ wkh uhvxow lv lqwxlwlyh1 Dq hfrqrp| wkdw kdv d pruh glvshuvhg
glvwulexwlrq ri fdslwdo vwrfn zloo dovr kdyh d pruh glvshuvhg glvwulexwlrq ri
LHV dfurvv krxvhkrogv1 Wkxv/ wkh srwhqwldo iru wkh glvwulexwlrq ri zhdowk wr
jhw pruh xqhtxdo lv juhdwhu iru vxfk dq hfrqrp|1 Wkhuhiruh/ doo hovh uhpdlqlqj
wkh vdph/ dq hfrqrp| wkdw vwduwv rxw zlwk pruh lqhtxdolw| zloo qhyhu fdwfk
xs +lq whupv ri lqhtxdolw|, zlwk rqh wkdw vwduwv rxw zlwk ohvv lqhtxdolw|1
Wkh iroorzlqj sursrvlwlrq frpsduhv wzr hfrqrplhv zlwk glhuhqw lqlwldo
shu0fdslwd fdslwdo vwrfnv1
Sursrvlwlrq 9 Frqvlghu wzr hfrqrplhv/  ' c 2 clghqwlfdo lq doo uhvshfwv
lq wkh lqlwldo shulrg h{fhsw wkdw 7 &2
f : 7 &￿
f1 Wkhq 7 &2




| iru doo |:f 1
D orzhu lqlwldo shu0fdslwd fdslwdo vwrfn phdqv wkdw hyhu| krxvhkrog lq
hfrqrp| 4 kdv sursruwlrqdwho| ohvv fdslwdo wkdq hyhu| krxvhkrog lq hfrqrp|
51 Vlqfh wkh LHV lv pxfk pruh vhqvlwlyh wr fkdqjhv lq zhdowk zkhq zhdowk
6Vlqfh wkh prgho devwudfwv iurp lglrv|qfudwlf lqfrph xqfhuwdlqw|/ dqg vlqfh wkh fdslwdo
vwrfn lv ehvw lqwhusuhwhg dv wkh vxp ri kxpdq dqg qrq0kxpdq zhdowk/ wkh frqfhsw ri
lqfrph iru zklfk wkh prgho pdnhv suhglfwlrqv lv shupdqhqw lqfrph1
43lv orz/ wkh jurzwk udwh ri krxvhkrog fdslwdo vwrfn zloo eh orzhu iru srru
krxvhkrogv wkdq iru ulfk1 Frqvhtxhqwo|/ wkh glvwulexwlrq ri fdslwdo vkduhv lq
shulrg 4zloo eh pruh xqhtxdo iru hfrqrp| 4 wkdq iru hfrqrp| 51 Wkhq/ lq doo
ixwxuh shulrgv/ wkhuh zloo eh wzr uhdvrqv iru wkh glvwulexwlrq ri fdslwdo vkduhv
wr eh pruh xqhtxdo lq hfrqrp| 4 uhodwlyh wr hfrqrp| 5= uvw/ wkh shu0fdslwd
fdslwdo vwrfn zloo frqwlqxh wr eh orzhu lq hfrqrp| 4 wkdq lq hfrqrp| 5 dqg/
vhfrqg/ wkh glvwulexwlrq ri zhdowk lq hfrqrp| 4 zloo eh pruh xqhtxdo wkdq
lq hfrqrp| 5 +vhh Sursrvlwlrq 8,1
Uhfdoo iurp htxdwlrq +5, wkdw dq hfrqrp| wkdw vwduwv rxw zlwk d orzhu
shu0fdslwd fdslwdo vwrfn zloo vhh vorzhu jurzwk1 Sursrvlwlrq 9 whoov xv wkdw wklv
hfrqrp| zloo dovr vhh d eljjhu lqfuhdvh lq lqhtxdolw| ryhu dq| ohqjwk ri wlph1
Wkhuhiruh/ zh fdq frqfoxgh wkdw lqlwldo sryhuw| uhwdugv jurzwk dqg ohdgv wr
d pruh xqhtxdo glvwulexwlrq ri zhdowk1 Wkh qh{w sursrvlwlrq frpsduhv wzr
hfrqrplhv zlwk glhuhqw plqlpxp frqvxpswlrq uhtxluhphqwv1
Sursrvlwlrq : Frqvlghu wzr hfrqrplhv/  ' c 2 clghqwlfdo lq doo uhvshfwv
lq wkh lqlwldo shulrg h{fhsw wkdw k￿ :k 2 1 Wkhq 7 &2




| iru doo |:f 1
Wkh lqwxlwlrq khuh lv vlplodu wr wkdw xqghuo|lqj Sursrvlwlrq 9/ exw zlwk
rqh glhuhqfh1 Lq shulrg 4 dqg lq doo ixwxuh shulrgv/ wkhuh lv dq dgglwlrqdo
uhdvrq iru wkh glvwulexwlrq ri fdslwdo vkduhv lq hfrqrp| 5 wr eh Oruhq} vxsh0
ulru wr wkdw lq hfrqrp| 4/ qdpho|/ wkh plqlpxp frqvxpswlrq uhtxluhphqw
lv kljkhu lq hfrqrp| 4 wkdq lq hfrqrp| 51 Wklv orzhuv wkh LHV ri srru
krxvhkrogv pruh wkdq wkdw ri ulfk krxvhkrogv dqg lv/ wkhuhiruh/ dqrwkhu irufh
frqwulexwlqj wrzdug juhdwhu lqhtxdolw| ri fdslwdo vkduhv lq hfrqrp| 41
Vwhdg|0Vwdwh Jurzwk dqg Hyroxwlrq ri Lqhtxdolw|
Vlqfh hfrqrplf ghyhorsphqw lv w|slfdoo| ylhzhg dv d vkliw iurp d }hur ru
orz0jurzwk sdwk wr d kljk0jurzwk sdwk/ lw pd| eh lpsruwdqw wr xqghuvwdqg
wkh frqqhfwlrq ehwzhhq wkh hyroxwlrq ri lqhtxdolw| dqg wkh udwh ri vwhdg|0
vwdwh jurzwk1 Dv lw wxuqv rxw/ wklv frqqhfwlrq lv frpsoh{ hqrxjk wkdw olwwoh
fdq eh vdlg derxw wkh Oruhq} rughulqjv ri glvwulexwlrqv dfurvv hfrqrplhv zlwk
glhuhqw vwhdg|0vwdwh jurzwk udwhv1 Wkh sxusrvh ri wklv vhfwlrq lv wr h{sodlq
zk| wklv lv vr1
Wkuhh sdudphwhuv dhfw wkh vwhdg|0vwdwh jurzwk udwh lq rxu hfrqrp|=
qc oc dqg j1 Krzhyhu/ fkdqjhv lq wkh udwh ri hfrqrplf jurzwk duh xvxdoo|
44dvvrfldwhg zlwk fkdqjhv lq oc vr zh zloo frqfhqwudwh rq wklv fdvh khuh dqg
krog {hg wkh suhihuhqfh sdudphwhuv q dqg j1
Dvvxph wkhq wkdw hfrqrp| 4 kdv d kljkhu udwh ri uhwxuq wkdq hfrqrp|
5/ l1h1/ o￿ :o 2dqg wkdw doo rwkhu lqlwldo frqglwlrqv duh h{dfwo| wkh vdph1
Vxssrvh/ iru wkh prphqw/ wkdw wkh glvwulexwlrq ri LHVv lv wkh vdph dfurvv
wkh wzr hfrqrplhv lq wkh lqlwldo shulrg1 Htxdwlrq +7, vxjjhvwv wkdw hfrqrp|
4 zloo h{shulhqfh d juhdwhu lqfuhdvh lq wkh zhdowk lqhtxdolw| wkdq hfrqrp|
51 Iru lqvwdqfh/ wkh yduldqfh ri wkh dqwlflsdwhg jurzwk udwh ri krxvhkrog
frqvxpswlrq +dqg/ e| lpsolfdwlrq/ ri krxvhkrog fdslwdo vwrfn, lq wkh lqlwldo
shulrg zloo eh kljkhu lq hfrqrp| 4 wkdq lq hfrqrp| 517 Wkhq/ lq shulrg 4/
hfrqrp| 4 zloo kdyh d kljkhu shu0fdslwd fdslwdo vwrfn +dv lpsolhg e| htxd0
wlrq +5,, dqg d pruh xqhtxdo glvwulexwlrq ri fdslwdo vkduhv1 Qrz qrwh wkdw
vlqfh hfrqrp| 4 kdv d kljkhu shu0fdslwd fdslwdo vwrfn/ Sursrvlwlrq 9 vxjjhvwv
wkdw lw vkrxog kdyh d pruh htxdo glvwulexwlrq ri fdslwdo vkduhv lq shulrg 5
wkdq hfrqrp| 51 Rq wkh rwkhu kdqg/ vlqfh hfrqrp| 4 kdv d pruh xqhtxdo
glvwulexwlrq ri zhdowk wkdq hfrqrp| 5/ Sursrvlwlrq 8 vxjjhvwv wkdw lw vkrxog
kdyh d pruh htxdo glvwulexwlrq ri fdslwdo vkduhv lq shulrg 5 wkdq hfrqrp|
51 Wkhvh rssrvlqj whqghqflhv pdnh vwdwhphqwv derxw Oruhq} rughulqj gl!0
fxow1 Lqghhg/ wkhuh lv qr jxdudqwhh wkdw wkh wzr glvwulexwlrqv fdq/ lq idfw/ eh
udqnhg e| wkh Oruhq} fulwhulrq18
7 Txdqwlwdwlyh Dqdo|vlv
Sdudphwhu Vhohfwlrq dqg Fdoleudwlrq
Wkh sdudphwhuv ri rxu prgho duh kc jc qc oc dqg wkh lqlwldo glvwulexwlrq
ri wkh fdslwdo vwrfn1 Zh xvh dydlodeoh hvwlpdwhv ri wkh uvw wkuhh sdudphwhuv1
7Ri frxuvh/ wkh glvwulexwlrq ri lqlwldo shulrg LHV zloo qrw eh wkh vdph lq wkh wzr
hfrqrplhv1 Wkh LHVv ghshqg rq wkh ohyho ri frqvxpswlrq/ dqg hyhq zlwk lghqwlfdo lqlwldo
glvwulexwlrqv ri fdslwdo vwrfnv/ wkhvh frqvxpswlrq ohyhov zloo ghshqg rq wkh udwh ri uhwxuq
wr fdslwdo1 Krzhyhu/ lw lv hdv| wr vkrz wkdw ghvslwh wklv frpsolfdwlrq wkh glvwulexwlrq ri
fdslwdo vkduhv lq shulrg 4 zloo eh zruvh lq hfrqrp| 4 wkdq lq hfrqrp| 51
8Lq vlwxdwlrqv zkhuh glvwulexwlrqv fdqqrw eh udqnhg e| wkh Oruhq} fulwhulrq/ uhvhdufkhuv
kdyh vxjjhvwhg zhdnhu dowhuqdwlyhv1 Iru lqvwdqfh/ Vkruurfnv +4<;6, vxjjhvwv uhsodflqj




l@4 v3l iru doo 4  p  Q dqg lqhtxdolw| kroglqj vwulfwo| iru vrph p1 E| wklv fulwh0
ulrq/ dq hfrqrp| zlwk d kljkhu u zloo/ fhwhulv sdulexv/ dovr kdyh d vxshulru glvwulexwlrq ri
zhdowk lq doo shulrgv eh|rqg wkh lqlwldo rqh1
45Wkh gdwd shuwdlq wr d vdpsoh ri krxvhkrogv lq wkuhh Lqgldq yloodjhv +wkh vr0
fdoohg LFULVDW gdwd, iru wkh shulrg 4<:80:9 wr 4<;80;91 Wrzqvhqg +4<<7,
ghvfulehv vrph ri wkh nh| ihdwxuhv ri wklv gdwd vhw +vhh Wdeoh D14 lq Wrzqvhqg
+4<<7, s1 8;;,1 Zh fdoleudwh o wr pdwfk wkh revhuyhg dyhudjh jurzwk udwh
ri frqvxpswlrq lq wkhvh yloodjhv dqg zh fdoleudwh wkh glvwulexwlrq ri lqlwldo
fdslwdo vwrfn vr wkdw wkh lpsolhg phdq dqg vwdqgdug ghyldwlrq ri frqvxpswlrq
pdwfk wkh revhuyhg phdq dqg vwdqgdug ghyldwlrq ri frqvxpswlrq shu dgxow
ryhu wklv shulrg1
Zh frqvlghu wzr ydoxhv ri plqlpxp frqvxpswlrq/ 4:: uxshhv shu |hdu shu
dgxow dqg 578 uxshhv shu |hdu shu dgxow1 Wkh uvw hvwlpdwh lv iurp Dwnhvrq
dqg Rjdnl +4<<9/ Wdeoh 5, dqg wkh vhfrqg iurp Urvhq}zhlj dqg Zroslq
+4<<6/ Wdeoh 5,1 Dv d shufhqwdjh ri dyhudjh frqvxpswlrq/ wkhvh hvwlpdwhv
fruuhvsrqg wr 8; dqg ;3 shufhqw/ uhvshfwlyho|19
Wkh hvwlpdwh ri wkh fxuydwxuh sdudphwhu/ j/ uhsruwhg e| Urvhq}zhlj dqg
Zroslq lv 31<971 Wkh Dwnhvrq0Rjdnl hvwlpdwlrq vwudwhj| grhv qrw surylgh
dq hvwlpdwh ri j/ exw wkhlu hvwlpdwh ri plqlpxp frqvxpswlrq lv hqwluho|
frqvlvwhqw zlwk d j ydoxh ri 31<971 Wkhuhiruh/ zh dvvrfldwh wkh Urvhq}zhlj0
Zroslq hvwlpdwh ri j zlwk wkh plqlpxp frqvxpswlrq uhtxluhphqw ri 4::
uxshhv dv zhoo1
Qhlwkhu wkh Dwnhvrq0Rjdnl qru wkh Urvhq}zhlj0Zroslq hvwlpdwlrq vwudwh0
jlhv |lhog hvwlpdwhv ri q1 Krzhyhu/ lq grlqj wkhlu hvwlpdwlrq Urvhq}zhlj dqg
Zroslq dvvxph wkdw wkh dqqxdo glvfrxqw idfwru/ qc lv fbD1 Wr eh frqvlvwhqw/
zh dvvxph wkdw q 'f  bD dv zhoo/ zklfk {hv wkh prgho shulrg wr eh rqh
|hdu1
Zh fdoleudwh o wr pdwfk wkh revhuyhg jurzwk udwh ri frqvxpswlrq lq wkhvh
yloodjh hfrqrplhv1 Dv qrwhg lq Wrzqvhqg +4<<7,/ wkh dyhudjh frqvxpswlrq
ohyho dsshduv wr uhpdlq frqvwdqw ryhu wkh vdpsoh shulrg lq wkhvh yloodjhv1
Wkhuhiruh/ htxdwlrq +6, lpsolhv wkdw o pxvw eh *q  'f  fD2S
Jlyhq wkh ydoxhv ri kcjcqc dqg o/ zh fdoleudwh wkh lqlwldo shulrg glvwulex0
wlrq ri fdslwdo vwrfn wr pdwfk wkh revhuyhg phdq dqg wkh vwdqgdug ghyldwlrq
ri frqvxpswlrq dfurvv krxvhkrogv1 Wkh surfhgxuh lv dv iroorzv1 Iru hdfk ri
wkh wzr hvwlpdwhv ri k/ zh xvh wkh revhuyhg phdq dqg vwdqgdug ghyldwlrq ri
frqvxpswlrq wr fdofxodwh wkh phdq dqg vwdqgdug ghyldwlrq ri glvfuhwlrqdu|
frqvxpswlrq1 Zh wkhq xvh wkh ghflvlrq uxoh iru glvfuhwlrqdu| frqvxpswlrq
9Wkh dyhudjh frqvxpswlrq ohyho zdv frpsxwhg e| frpelqlqj wkh dyhudjh frqvxpswlrq
ohyhov uhsruwhg lq Wrzqvhqg +4<<7/ Wdeoh D14, iru hdfk ri wkh wkuhh yloodjhv1
46+Sursrvlwlrq 4, wr lqihu wkh phdq dqg vwdqgdug ghyldwlrq ri glvfuhwlrqdu|
fdslwdo vwrfn1 Zh dvvxph wkdw glvfuhwlrqdu| fdslwdo vwrfn lv orjqrupdoo| glv0
wulexwhg/ vr wkh phdq dqg vwdqgdug ghyldwlrq ri glvfuhwlrqdu| fdslwdo vwrfn
duh xvhg wr lqihu wkh glvwulexwlrq ri glvfuhwlrqdu| fdslwdo vwrfn1 Wkh lqlwldo
glvwulexwlrq ri fdslwdo vwrfn lv wkhq mxvw d wudqvodwlrq ri wklv glvwulexwlrq ri
glvfuhwlrqdu| fdslwdo vwrfn e| wkh txdqwlw| nk*o1:
Dq lpsolfdwlrq ri wklv surfhgxuh lv wkdw wkh ghjuhh ri lqhtxdolw| lq wkh
lqlwldo shulrg*v fdslwdo vwrfn dqg frqvxpswlrq lv ohvv iru wkh hfrqrp| zlwk
k ' 2eD dv frpsduhg wr wkh hfrqrp| zlwk k ' . . 1 Wkh uhdvrq iru wklv lv
dv iroorzv1 Zkhq k lv vhw wr wkh kljkhu ydoxh/ rxu surfhgxuh uhtxluhv xv wr
nhhs wkh phdq dqg vwdqgdug ghyldwlrq ri revhuyhg frqvxpswlrq xqfkdqjhg1
Li wkh frqvxpswlrq ri hdfk krxvhkrog lv vkliwhg xs e| wkh glhuhqfh ehwzhhq
2eD dqg ..c wkh vwdqgdug ghyldwlrq zrxog uhpdlq xqfkdqjhg exw wkh phdq
zrxog eh kljkhu1 Wr eulqj derxw d vsuhdg0suhvhuylqj ghfuhdvh lq wkh phdq/
lw lv qhfhvvdu| wr vkliw wkh pdvv ri wkh glvwulexwlrq wrzdug wkh plqlpxp
frqvxpswlrq ri 2eD1 Dv vkrzq lq Iljxuh 4/ wklv uhvxowv lq ohvv lqhtxdolw| lq
wkh lqlwldo shulrg*v frqvxpswlrq glvwulexwlrq dv frpsduhg wr wkh fdvh zkhuh
k ' . . 1 Wkh vdph lv wuxh iru wkh lqlwldo glvwulexwlrq ri fdslwdo vwrfn1
Hyroxwlrq ri Shu0Fdslwd Frqvxpswlrq dqg Zhdowk
Lq wklv vhfwlrq zh h{soruh wkh txdqwlwdwlyh lpsdfw ri plqlpxp frqvxps0
wlrq uhtxluhphqw rq djjuhjdwh g|qdplfv1 Wkhvh qglqjv vkrz krz rxu fdo0
leudwhg hfrqrp| zrxog ehkdyh li lwv vwhdg|0vwdwh jurzwk udwh zdv srvlwlyh
lqvwhdg ri }hur1
Frqvlghu uvw wkh fdvh zkhuh wkh udwh ri uhwxuq rq fdslwdo lv vxfk wkdw
lw jhqhudwhv d vwhdg|0vwdwh jurzwk udwh ri 5 shufhqw1 Iljxuh 5 vkrzv wkh
sdwk ri shu0fdslwd frqvxpswlrq ryhu d 830|hdu shulrg iru wzr hfrqrplhv/
k ' . .dqg 2eD Wkh h{lvwhqfh ri plqlpxp frqvxpswlrq vorzv grzq wkh
jurzwk udwh ri wkh shu0fdslwd frqvxpswlrq vxevwdqwldoo|1 Iru wkh k ' ..
hfrqrp|/ wkh lqlwldo jurzwk udwh lv rqo|  shufhqw1 Hyhq dw wkh hqg ri 83
|hduv +urxjko| wzr jhqhudwlrqv,/ wkh jurzwk udwh lv eD shufhqw1 Wkh sdfh
ri jurzwk lv hyhq vorzhu iru wkh hfrqrp| zlwk k ' 2eD= wkh lqlwldo jurzwk
udwh ri frqvxpswlrq lv f. shufhqw/ dqg dw wkh hqg ri 83 |hduv lw lv rqo| S
:Wkh nh| surshuw| ri wkh orjqrupdo glvwulexwlrq wkdw pdnhv lw vxlwdeoh iru prghoolqj
glvwulexwlrqv lv wkdw lw lv qhjdwlyho| vnhzhg zlwk lwv phgldq ehlqj ohvv wkdq lwv phdq1 Iru
d ghwdlohg glvfxvvlrq ri orjqrupdolw| lq wkh frqwh{w ri lqfrph glvwulexwlrqv/ vhh Dlwfklvrq
dqg Eurzq +4<9</ Fk144,1
47shufhqw1 Wkh uhvxowv iru jurzwk udwh ri shu0fdslwd fdslwdo vwrfn/ vkrzq lq
Iljxuh 6/ duh yhu| vlplodu1
Wkh ehkdylru ri wkhvh wzr hfrqrplhv fdq eh xqghuvwrrg e| h{dplqlqj wkh
ehkdylru ri LHV iru wkh uhsuhvhqwdwlyh krxvhkrog dorqj wkh wudqvlwlrq sdwk1
Iru wkh k ' .. hfrqrp|/ wkh LHV lq wkh lqlwldo shulrg lv fD/ dqg dw wkh hqg
ri 83 |hduv/ lw lv f.S1I r u w k h k '2 e Dhfrqrp|/ wkh fruuhvsrqglqj ydoxhv
duh orzhu= f. lq wkh lqlwldo shulrg dqg fS dw wkh hqg ri 83 |hduv1
Wkh h{whqw wr zklfk wkh plqlpxp frqvxpswlrq uhtxluhphqw uhwdugv hfr0
qrplf jurzwk ghshqgv rq wkh hfrqrp|*v vwhdg|0vwdwh jurzwk udwh1 Hfrqrplhv
rq d kljk0jurzwk sdwk ryhufrph wkh hhfwv ri plqlpxp frqvxpswlrq uhod0
wlyho| txlfno|1 Iljxuh 7+d, vkrzv wkh hyroxwlrq ri wkh jurzwk udwh ri frqvxps0
wlrq iru hfrqrplhv zlwk wkh vdph lqlwldo fdslwdo vwrfn dqg k ' .. exw zlwk
vwhdg|0vwdwh jurzwk udwhv 5/ 6/ 111 / ; shufhqw1 +Dv ehiruh/ wkh glhuhqfhv lq
vwhdg|0vwdwh juzrwk udwhv duh gxh wr glhuhqw udwhv ri uhwxuq wr fdslwdo1, Wkh
hhfw ri plqlpxp frqvxpswlrq grhv qrw odvw yhu| orqj lq wkh kljk0jurzwk
hfrqrp|= iru dq hfrqrp| zlwk d vwhdg|0vwdwh jurzwk udwh ri H shufhqw/ wkh
lqlwldo jurzwk udwh lv eD shufhqw/ exw diwhu 83 |hduv wkh jurzwk udwh lv .D.
shufhqw1 D vlplodu uhvxow lv vkrzq lq Iljxuh 7+e, zkhuh k '2 e D =i r u d q
hfrqrp| zlwk d vwhdg|0vwdwh jurzwk udwh ri H shufhqw/ wkh lqlwldo jurzwk udwh
lv rqo| S. shufhqw/ exw diwhu 83 |hduv lw lv .D shufhqw/ doprvw wkh vdph dv
lq wkh k ' .. hfrqrp|1
Wkh frqwudvw ehwzhhq wkh orz0 dqg kljk0jurzwk hfrqrplhv fdq dovr eh
xqghuvwrrg e| frpsdulqj wkh LHVv1 Iru lqvwdqfh/ zkhq k ' . . / wkh LHV ri
wkh uhsuhvhqwdwlyh krxvhkrog lq wkh lqlwldo shulrg iru wkh kljk0jurzwk hfrq0
rp| lv fS2 dqg dw wkh hqg ri 83 |hduv lw lv f21 Qrwlfh wkdw wkh LHV dw wkh
hqg ri 83 |hduv lv yhu| forvh wr wkh *j ydoxh ri fe1
Wkhvh vlpxodwlrqv vxjjhvw wkdw zhdowk0ghshqghqw LHVv pd| eh lpsruwdqw
iru xqghuvwdqglqj wkh furvv0frxqwu| hylghqfh rq hfrqrplf jurzwk1 Iru lq0
vwdqfh/ frqvlghu wkh frqyhujhqfh olwhudwxuh1 Eduur dqg Vdod0l0Pduwlq +4<<5,
vkrz wkdw wkh vwdqgdug qhrfodvvlfdo jurzwk prgho zlwk frqvwdqw LHV lpsolhv
wrr udslg d frqyhujhqfh lq qdwlrqdo lqfrphv uhodwlyh wr wkh gdwd1 Orzhu LHV
vorzv grzq wkh udwh ri frqyhujhqfh dqg wkxv/ d prgho zlwk plqlpxp frq0
vxpswlrq uhtxluhphqw kdv wkh srwhqwldo iru pdwfklqj wkh revhuyhg udwhv ri
lqfrph frqyhujhqfh1
Hyroxwlrq ri Lqhtxdolw|
48Zh phdvxuh lqhtxdolw| lq hdfk shulrg e| wkh Jlql frh!flhqw1 Wkh txdo0
lwdwlyh uhvxowv ri wkh suhylrxv vhfwlrq whoo xv wkdw lqhtxdolw| lq frqvxpswlrq
dqg zhdowk lqfuhdvhv ryhu wlph1 Wkh Jlql frh!flhqw txdqwlhv wklv lqfuhdvh1
Iljxuh 8+d, looxvwudwhv wkh hyroxwlrq ri zhdowk lqhtxdolw| iru rxu wzr
hfrqrplhv zkhq wkh vwhdg|0vwdwh jurzwk udwh lv 5 shufhqw1 Wkh uhvsrqvh
ri zhdowk lqhtxdolw| wr wklv prghvw udwh ri hfrqrplf jurzwk lv vxevwdqwldo1
Iru lqvwdqfh/ iru wkh k ' .. hfrqrp|/ wkh Jlql frh!flhqw ulvhv iurp f2f. wr
f2eS lq 58 |hduv/ d ulvh ri derxw b shufhqw lq rqh jhqhudwlrq1; Iljxuh 8+e,
vkrzv fruuhvsrqglqj hyroxwlrq lq frqvxpswlrq lqhtxdolw|1 Iru wkh k ' ..
hfrqrp|/ wkh Jlql frh!flhqw ri zhdowk lqhtxdolw| ulvhv iurp fHf wr f22
lq 58 |hduv/ d ulvh ri derxw 5< shufhqw lq +urxjko|, rqh jhqhudwlrq1
Wkh glhuhqfhv lq wkh LHV ri ulfk dqg srru krxvhkrogv xqghuolh wklv lq0
fuhdvh1 Lq wkh lqlwldo shulrg/ wkh LHV ri wkh erwwrp ghfloh lv f2bf zkloh wkdw
ri wkh wrs ghfloh lv f.bf1 Hyhq diwhu 58 |hduv/ wkhvh hodvwlflwlhv duh fbH
dqg fHSH uhvshfwlyho|/ lpso|lqj d vwurqj srwhqwldo iru ixuwkhu lqfuhdvhv lq
lqhtxdolw|1 Lqghhg/ li zh uroo wkh hfrqrp| iruzdug iru dqrwkhu 58 |hduv/ wkh
Jlql frh!flhqw ri zhdowk lqhtxdolw| lqfuhdvhv wr f2.b1<
Dv rqh zrxog h{shfw/ wkh lpshwxv iru lqfuhdvhv lq lqhtxdolw| lv juhdwhu iru
wkh hfrqrp| zlwk k ' 2eD1 Iru lqvwdqfh/ lq Iljxuh 8+e, wkh Jlql frh!flhqw
ri frqvxpswlrq lqhtxdolw| ulvhv iurp fS wr fDD ryhu d shulrg ri 58 |hduv/
dq lqfuhdvh ri derxw 67 shufhqw143
Vwhdg|0Vwdwh Jurzwk dqg Hyroxwlrq ri Lqhtxdolw|
Iljxuhv 9+d, dqg 9+e, sorw wkh hyroxwlrq ri zhdowk lqhtxdolw| iru rxu wzr
hfrqrplhv iru vwhdg|0vwdwh jurzwk udwhv udqjlqj iurp 5 wr ; shufhqw1 +Djdlq/
wkh jurzwk udwhv glhu ehfdxvh ri glhuhqfhv lq wkh xqghuo|lqj udwh ri uhwxuq
rq fdslwdo1, Wkh vwulnlqj qglqj lv wkdw wkh uhodwlrqvkls ehwzhhq udwh ri
vwhdg|0vwdwh jurzwk dqg zhdowk lqhtxdolw| dw vrph ixwxuh srlqw lq wlph qhhg
qrw eh prqrwrqlf1 Dv h{sodlqhg lq wkh wkhruhwlfdo vhfwlrq ri wkh sdshu/
;Qrwh wkdw iru dq  @3hfrqrp| wkdw vwduwv rxw zlwk wkh vdph frqglwlrqv dv wkh
 @4 : :hfrqrp|/ wkh jlql frh!flhqw zrxog kdyh uhpdlqhg dw 3=53: dw wkh hqg ri 58 |hduv
dqg lwv shu0fdslwd zhdowk zrxog kdyh ehhq kljkhu1
<Wkh udwlr ri wkh frqvxpswlrq ri wkh wrs ghfloh wr frqvxpswlrq ri wkh erwwrp ghfloh
ulvhv iurp 5=<< wr 6=:7 dw wkh hqg ri 58 |hduv dqg wr 7=95 dw wkh hqg ri 83 |hduv1
43Dv h{sodlqhg hduolhu/ wkh idfw wkdw wkh  @5 7 8hfrqrp| kdv d vpdoohu Jlql frh!flhqw
lv d frqvhtxhqfh ri rxu fdoleudwlrq surfhgxuh zklfk dvvljqv d pruh htxdo lqlwldo shulrg
glvwulexwlrq ri frqvxpswlrq dqg zhdowk wr wklv hfrqrp| uhodwlyh wr wkh  @4 : :hfrqrp|1
49wkh qrqprqrwrqlflw| uh hfwv wkh lqwhusod| ri wzr rssrvlqj irufhv1 Rq wkh
rqh kdqg/ d kljkhu udwh ri uhwxuq vhuyhv wr pdjqli| wkh glhuhqfhv lq wkh
jurzwk udwhv ri krxvhkrog fdslwdo vwrfnv dqg wkhuhe| frqwulexwhv wr lqfuhdvlqj
lqhtxdolw| +wkh udwh0ri0uhwxuq0hhfw,1 Rq wkh rwkhu kdqg/ wkh frqvxpswlrq
ri hdfk krxvhkrog dw hdfk srlqw lq wlph lv ixuwkhu dzd| iurp wkh plqlpxp
uhtxluhg ohyho lq wkh idvw0jurzlqj hfrqrp|1 Dv d uhvxow/ glhuhqfhv lq LHV
ghfolqh pruh udslgo| iru wkh idvw0jurzlqj hfrqrp|/ dqg wkh srwhqwldo iru
lqhtxdolw| wr lqfuhdvh gursv idvwhu dv zhoo +wkh ghfolqlqj0glhuhqfhv0lq0LHV0
hhfw,1
Iljxuh 9+d, vkrzv zklfk ri wkhvh wzr irufhv grplqdwhv dw glhuhqw krul0
}rqv iru wkh k ' .. hfrqrp|1 Dw wkh hqg ri 43 |hduv/ wkh uhodwlrqvkls eh0
wzhhq wkh ghjuhh ri zhdowk lqhtxdolw| dqg vwhdg|0vwdwh jurzwk lv srvlwlyh= wkh
idvwhu wkh jurzwk/ wkh pruh xqhtxdo wkh glvwulexwlrq ri zhdowk1 Ryhu wklv sh0
ulrg/ wkh udwh0ri0uhwxuq0hhfw grplqdwhv wkh ghfolqlqj0glhuhqfhv0lq0LHV0
hhfw1 Krzhyhu/ dw wkh hqg ri 58 |hduv/ wkh uhodwlrqvkls lv qrqprqrwrqlf
zlwk d shdn lq lqhtxdolw| dw derxw wkh 8 shufhqw jurzwk udwh1 Hylghqwo|/ wkh
dgglwlrqdo 53 |hduv doorz wkh uhodwlyho| vorz0jurzlqj hfrqrplhv/ iru zklfk
wkh ghfolqlqj0glhuhqfhv0lq0LHV0hhfw lv zhdn/ wr fdwfk xs dqg vxusdvv wkh
zhdowk lqhtxdolw| ri wkh idvw0jurzlqj hfrqrplhv1 D vlplodu sdwwhuq lv hylghqw
lq Iljxuh 9+e, iru wkh hfrqrp| zlwk k ' 2eD1
Wkhvh vlpxodwlrqv vxjjhvw wkh d jurxs ri frxqwulhv wkdw kdyh vshqw uho0
dwlyho| pruh wlph rq wkhlu vxvwdlqhg jurzwk sdwk pd| glvsod| d glhuhqw
uhodwlrqvkls ehwzhhq zhdowk lqhtxdolw| dqg udwhv ri hfrqrplf jurzwk wkdq
d jurxs ri frxqwulhv wkdw kdyh vshqw uhodwlyho| ohvv wlph rq wkhlu vxvwdlqhg
jurzwk sdwkv1 Wkxv/ lw pljkw eh lpsruwdqw lq furvv0frxqwu| vwxglhv ri zhdowk
glvwulexwlrq wr frqwuro iru wlph hodsvhg rq wkh vxvwdlqhg jurzwk sdwk1
Iljxuhv :+d, dqg :+e, vkrz wkh hyroxwlrq ri frqvxpswlrq lqhtxdolw| lq
wkhvh vlpxodwlrqv1 Wkh uhodwlrqvkls ehwzhhq frqvxpswlrq lqhtxdolw| dqg
vwhdg|0vwdwh jurzwk lv pruh frpsoh{1 Qrwh wkdw lq wkh lqlwldo shulrg/ wkh uhod0
wlrqvkls ehwzhhq vwhdg|0vwdwh jurzwk dqg frqvxpswlrq lqhtxdolw| lv qhjdwlyh=
frqvxpswlrq lqhtxdolw| ghfuhdvhv zlwk idvwhu vwhdg|0vwdwh jurzwk1 Wkhq/ dw
wkh hqg ri whq |hduv/ wkh uhodwlrqvkls lv X0vkdshg= lqhtxdolw| uvw ghfolqhv
dqg wkhq ulvhv zlwk vwhdg|0vwdwh jurzwk1 Dw wkh hqg ri 58 |hduv/ wkh uhod0
wlrqvkls lv prqrwrqlfdoo| lqfuhdvlqj/ dqg/ qdoo|/ dw wkh hqg ri 83 |hduv wkh
uhodwlrqvkls uhvhpeohv dq lqyhuwhg0X= wkhuh lv d glvwlqfw shdn lq frqvxps0
wlrq lqhtxdolw| dw durxqg wkh 7 shufhqw jurzwk udwh1
Wkh uhdvrq frqvxpswlrq lqhtxdolw| ehkdyhv glhuhqwo| lv wkdw dq lqfuhdvh
4:lq o fdxvhv wkh lqlwldo glvwulexwlrq ri frqvxpswlrq wr fkdqjh lq idyru ri srru
krxvhkrogv1 Wr vhh zk|/ qrwh wkdw vlqfh j lv fdoleudwhg wr d ydoxh ri ohvv wkdq
rqh/ wkh vxevwlwxwlrq hhfw ri dq lqfuhdvh lq o rq glvfuhwlrqdu| frqvxpswlrq
grplqdwhv wkh lqfrph hhfw1 Wkhuhiruh/ dq lqfuhdvh lq o fdxvhv doo krxvhkrogv
wr vxevwlwxwh ixwxuh frqvxpswlrq iru lqlwldo shulrg frqvxpswlrq1 Ehfdxvh
wkh ulfk gr pruh ri wklv vxevwlwxwlrq wkdq wkh srru/ wkh glvwulexwlrq ri lqlwldo
shulrg frqvxpswlrq vkliwv lq idyru ri srru krxvhkrogv1 Wkh frpsoh{ whpsrudo
ehkdylru ri wkh uhodwlrqvkls ehwzhhq frqvxpswlrq lqhtxdolw| dqg vwhdg|0vwdwh
jurzwk lv wkh uhvxow ri lqwhudfwlrq ehwzhhq wklv lqlwldo uhglvwulexwlrq hhfw
dqg wkh rwkhu hhfwv lq rshudwlrq +qdpho|/ wkh udwh0ri0uhwxuq hhfw dqg
wkh ghfolqlqj0glhuhqfh0lq0LHV hhfw,1
Wkh glhuhqfh ehwzhhq wkh ehkdylru ri zhdowk dqg frqvxpswlrq lqhtxdolw|
krogv dq lpsruwdqw ohvvrq/ qdpho|/ wuhqgv lq zhdowk lqhtxdolw| +ru lqhtxdolw|
lq shupdqhqw lqfrph, qhhg qrw pdwfk wkh wuhqg lq frqvxpswlrq lqhtxdolw|1
Vlqfh gdwd rq krxvhkrog frqvxpswlrq duh riwhq pruh uhdglo| dydlodeoh wkdq
gdwd rq zhdowk ru shupdqhqw lqfrph/ uhvhdufkhuv kdyh xvhg wkh iruphu dv
d sur{| iru wkh odwwhu1 Exw vxfk sur{lhv pd| eh txlwh plvohdglqj1 Wr vhh
zk|/ vxssrvh wkdw/ iru vrph frxqwu|/ uhvhdufkhuv kdyh rqh revhuydwlrq rq
frqvxpswlrq lqhtxdolw| iurp d shulrg zkhq wkh hfrqrp| zdv vwdjqdqw dqg
dqrwkhu revhuydwlrq iurp d shulrg gxulqj zklfk wkh hfrqrp| zdv rq lwv
vxvwdlqhg jurzwk sdwk1 Ghshqglqj rq krz orqj wkh hfrqrp| kdg vshqw
rq wkh vxvwdlqhg jurzwk/ frqvxpswlrq lqhtxdolw| frxog eh orzhu ru kljkhu
wkdq wkh frqvxpswlrq lqhtxdolw| uhfrughg gxulqj wkh vwdjqdqw hud1 Wklv lv
ehfdxvh frqvxpswlrq glvwulexwlrq lpsuryhv dw wkh vwduw ri vxvwdlqhg jurzwk1
Ri frxuvh/ diwhu wklv lqlwldo lpsuryhphqw/ frqvxpswlrq lqhtxdolw| zruvhqv
ryhu wlph/ exw frqvxpswlrq lqhtxdolw| dw wkh wlph ri wkh vhfrqg revhuydwlrq
frxog zhoo eh orzhu wkdq dw wkh wlph ri wkh uvw revhuydwlrq1 Lq frqwudvw/
lqhtxdolw| lq zhdowk zrxog eh kljkhu dw wkh wlph ri wkh vhfrqg revhuydwlrq1
Wkxv/ rqh pljkw huurqhrxvo| frqfoxgh iurp wkh frqvxpswlrq lqhtxdolw| gdwd
wkdw shupdqhqw lqfrph ru zhdowk lqhtxdolw| lpsuryhg ryhu wklv shulrg zkhq
dfwxdoo| lw glg qrw1
8 Frqfoxvlrqv
Vhyhudo vwuhdpv ri zrun vxjjhvw wkdw xqghuvwdqglqj wkh hhfw ri hfrqrplf
jurzwk rq glvwulexwlrq ri lqfrph dqg zhdowk pd| eh lpsruwdqw1 Wkh srolwlfdo
hfrqrp| olwhudwxuh kdv vwuhvvhg wkh lpsruwdqfh ri fkdqjhv lq wkh glvwulexwlrq
4;ri lqfrph lq ghwhuplqlqj krz froohfwlyh ghflvlrqv wkdw kdyh dq hqruprxv
lpsdfw rq hfrqrplf jurzwk duh dhfwhg +vhh Shuvvrq dqg Wdehoolql +4<<5,,1
Lq d vlplodu yhlq/ vrflrorjlvwv kdyh grfxphqwhg wkdw shulrgv ri vrfldo dqg
srolwlfdo xskhdydo +olnh uhyroxwlrqv, whqg wr rffxu zkhq hfrqrplf frqglwlrqv
duh lpsurylqj dqg kdyh vxjjhvwhg wkdw wklv wlplqj ri uhyroxwlrqv pljkw eh
h{sodlqhg li shulrgv ri hfrqrplf jurzwk frlqflgh zlwk shulrgv ri lqfuhdvlqj
uhodwlyh ghsulydwlrq +vhh Uxqflpdq +4<99, dqg Jxuu +4<:3,,1
Lq wklv sdshu/ zh vkrz wkdw li krxvhkrogv kdyh wr vdwlvi| d frpprq plq0
lpxp frqvxpswlrq uhtxluhphqw/ shulrgv ri hfrqrplf jurzwk zloo eh dffrp0
sdqlhg e| lqfuhdvlqj uhodwlyh ghsulydwlrq1 Wklv kdsshqv ehfdxvh srru krxvh0
krogv kdyh d orzhu lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq dqg
wkhuhiruh dffxpxodwh zhdowk dw d vorzhu udwh uhodwlyh wr ulfkhu krxvhkrogv1
Zh qg wkdw zkhq wkh plqlpxp frqvxpswlrq uhtxluhphqw lv vhw wr wkh
dydlodeoh hvwlpdwhv/ lwv hhfwv rq wkh udwh ri hfrqrplf jurzwk dqg wkh glvwul0
exwlrq ri frqvxpswlrq dqg zhdowk duh vljqlfdqw1 Iru lqvwdqfh/ dq hfrqrp|
wkdw kdv d vwhdg|0vwdwh jurzwk udwh ri 5 shufhqw zloo kdyh dwwdlqhg rqo| kdoi
lwv vwhdg|0vwdwh jurzwk udwh dw wkh hqg ri 58 |hduv dqg zrxog vhh lwv Jlql
frh!flhqw ri zhdowk lqhtxdolw| lqfuhdvh derxw 58 shufhqw ryhu wklv shulrg1
Zh dovr qg wkdw wkh uhodwlrqvkls ehwzhhq wkh udwh ri hfrqrplf jurzwk
dqg frqvxpswlrq dqg zhdowk lqhtxdolw| ghshqgv rq krz orqj d wlph wkh
hfrqrplhv lq txhvwlrq kdyh vshqw rq wkhlu vxvwdlqhg jurzwk sdwkv1 Dprqj
wkh hfrqrplhv wkdw kdyh ehhq rq wkhlu vxvwdlqhg jurzwk sdwk iru d orqj shulrg
ri wlph/ wkh phglxp0jurzwk hfrqrplhv whqg wr h{shulhqfh wkh juhdwhvw
lqfuhdvhv lq zhdowk lqhtxdolw|1 Iru hfrqrplhv wkdw kdyh h{shulhqfhg vxvwdlqhg
jurzwk iru rqo| d vkruw shulrg ri wlph/ wkh lqfuhdvh lq zhdowk lqhtxdolw| lv
olnho| wr eh juhdwhvw iru wkh idvw0jurzlqj hfrqrplhv1
Ilqdoo|/ zh vkrxog qrwh wkdw dowkrxjk zh irfxvhg wklv duwlfoh rq wkh uroh ri
plqlpxp frqvxpswlrq uhtxluhphqwv lq srru frxqwulhv/ rxu uhvxowv duh fohduo|
dssolfdeoh wr sryhuw|0vwulfnhq jurxsv lq pruh d"xhqw frxqwulhv dv zhoo1 Hyhq
iru wkh X1V1/ wkhuh lv v|vwhpdwlf hylghqfh wkdw wkh udwh ri jurzwk ri frqvxps0
wlrq lv orzhu iru srru krxvhkrogv wkdq iru plggoh dqg kljk0lqfrph krxvhkrogv
+Odzudqfh +4<<4,,1 Li wkhvh glhuhqfhv duh v|pswrpdwlf ri plqlpxp frq0
vxpswlrq uhtxluhphqwv/ srru krxvhkrogv dv d jurxs zrxog h{klelw wkh w|sh
ri uhodwlyh ghsulydwlrq glvfxvvhg lq wklv sdshu1
4<DSSHQGL[
Zh uvw suhvhqw wzr xvhixo uhvxowv wkdw eulqj rxw wkh frqqhfwlrq eh0
wzhhq krxvhkrog jurzwk udwhv ri fdslwdo dqg wkh hyroxwlrq ri krxvhkrog glv0
wulexwlrq ri fdslwdo vkduhv1 Wkhvh uhvxowv duh sxuho| orjlfdo lq qdwxuh dqg
krog lqghshqghqwo| ri dq| sduwlfxodu prgho ri hfrqrplf jurzwk1 Zh xvh





| dqg 7 |n￿  E7 &|n￿  7 &|*7 &|1
Wkh uvw uhvxow jlyhv d vx!flhqw frqglwlrq xqghu zklfk wkh krxvhkrog
glvwulexwlrq ri fdslwdo vkduhv lq glhuhqw shulrgv lq d jlyhq hfrqrp| fdq eh
Oruhq} udqnhg1






| n￿ Wkhq t| lv Oruhq}
vxshulru wr t|n￿







| n￿/ wklv rughulqj dovr udqnv krxvhkrogv lq
rughu ri lqfuhdvlqj fdslwdo vwrfnv lq shulrg |nQh{w/ revhuyh wkdw r￿
|n￿ :r ￿
|
li dqg rqo| li ￿
|n￿ : 7 |n￿ Ohw  eh vxfk wkdw &￿
|  7 &| ;   dqg &￿

































| ;6: Wkh uhvxow iroorzv1
Wkh vhfrqg uhvxow surylghv vx!flhqw frqglwlrqv xqghu zklfk wkh krxvh0
krog glvwulexwlrq ri fdslwdo vkduhv lq wzr glhuhqw hfrqrplhv duh Oruhq} frp0
sdudeoh dw d jlyhq srlqw lq wlph1
Ohppd 5= Frqvlghu wzr hfrqrplhv  ' c 2vxfk wkdw t￿




















  c t￿
|n￿ lv Oruhq} vxshulru wr
t2
|n￿
Surri1 Iru hdfk hfrqrp|/ duudqjh krxvhkrogv lq rughu ri lqfuhdvlqj shulrg |
fdslwdo vwrfnv1 Qrwh wkdw lq wklv qhz rughulqj t￿










|n￿c wklv rughulqj zloo dovr duudqjh krxvhkrogv lq

















































































































|n￿iru doo 	dqg wkh uhvxow iroorzv1
Qrwh wkdw Ohppd 5 pdnhv d vwdwhphqw rqo| derxw rqh0shulrg dkhdg
Oruhq} rughulqjv1 Krzhyhu/ lw grhv qrw uhvwulfw wkh fxuuhqw ohyho ri wrwdo
fdslwdo vwrfn ru wkh jurzwk udwh ri fdslwdo vwrfn wr eh wkh vdph dfurvv wkh
wzr hfrqrplhv1
Surri ri Sursrvlwlrq 4
Lw iroorzv iurp Doyduh} dqg Vwrnh| +4<<9, wkdw E h{lvwv dqg lv lqfuhdv0
lqj/ vwulfwo| frqfdyh/ dqg glhuhqwldeoh1 Wkh frqvwudlqw vhw iru wkh krxvhkrog
lv frpsdfw dqg frqyh{1 Khqfh/ wkh srolf| ixqfwlrqv duh zhoo0ghqhg1 Wkh












iru doo |  f1 Jxhvv wkh srolf| ixqfwlrq wr eh olqhdu lq glvfuhwlrqdu| fdslwdo
vwrfn1 Wkh uhvxow iroorzv iurp xvlqj wkh Hxohu htxdwlrqv dqg wkh frqvwudlqwv1
Surri ri Sursrvlwlrq 5
Wkh uhvxow iroorzv iurp wkh revhuydwlrq wkdw li &￿
f ' 7 &f/ wkhq wkh jurzwk
udwh ri krxvhkrog l*v fdslwdo vwrfn zloo eh jlyhq e| htxdwlrq +5, iru doo |  f1
Surri ri Sursrvlwlrq 6
Sursrvlwlrq 4 lpsolhv=
E7 &|  k*o'd i q E n oj
￿
jo
|E7 &f  k*o1
E| dvvxpswlrq &￿
f :k * E @B ;  / zklfk lpsolhv 7 &f : k*o1 Wkhq/ qE n o
:  lpsolhv 7 &|n￿ : 7 &| ;|  f dqg htxdwlrq +5, lpsolhv E7 &|n2  7 &|n￿*7 &|n￿ :
54E7 &|n￿  7 &|*7 &| ;|  f1 Dovr/ vlqfh 7 &| $4dv | $4 / lw iroorzv wkdw
E7 &|n￿  7 &|*7 &| $ diE n oqj
￿
j  o dv | $4 1
Vxssrvh wkdw iru hfrqrplhv  dqg 2/ k￿ :k 2dqg 7 &￿
| 	 7 &2
| iru vrph
|:f 1 Wkhq/ htxdwlrq +5, lpsolhv wkdw E7 &￿
|n￿  7 &￿
|*7 &￿
| 	 E7 &2




|n￿ 	 7 &2
|n￿1 Uhshdwlqj wklv dujxphqw iru | n /|n2 / dqg vr rq/
zh jhw E7 &￿
|n￿  7 &￿
|*7 &￿
| 	 E7 &2
|n￿  7 &2
|*7 &2
| iru doo :| 1 Vlqfh 7 &￿
f ' 7 &2
f dqg
k￿ :k 2lpsolhv E7 &￿
￿ 7 &￿
f*7 &￿
f 	 E7 &2
￿  7 &2
f*7 &2





|n￿  7 &2
|*7 &2
| iru doo |:f 1
Wkh surri ri wkh qdo vwdwhphqw lv vlplodu1
Surri ri Sursrvlwlrq 7




|zh pxvw kdyh 
￿
|n￿ : ￿
| n￿1 Lw wkhq iroorzv iurp Ohppd 4 wkdw t| lv
Oruhq} vxshulru wr t|n￿ iru doo |  f1 Qh{w/ revhuyh wkdw &￿
| $4dv | $4
lpsolhv wkdw E￿
|n￿*7 |n￿ $  dv | $4 1 Khqfh/ dv|pswrwlfdoo|/ wkhuh lv qr
fkdqjh lq wkh glvwulexwlrq ri fdslwdo vkduhv iurp rqh shulrg wr wkh qh{w1
Surri ri Sursrvlwlrq 8

















f ;6	 1V l q f h 7 & ￿


















￿ ;6	 1 E| htxdwlrq +5,/ 7 &￿









￿ ;6	 / dqg/ wkxv/ t￿
￿ lv Oruhq} vxshulru wr t2
￿ Wklv
orjlf dssolhv iru dq| |:dv zhoo1
Surri ri Sursrvlwlrq 9
E| htxdwlrq +5,/ 7 &2
| : 7 &￿
| ;|:f 1 Vxssrvh iru vrph |c t2
| lv Oruhq} vxshulru
wr t￿
|1 Frqvlghu dqrwkhu hfrqrp|/ ghqrwhg e| wkh lqgh{ c zklfk kdv wkh vdph
ydoxhv iru c jc qc dqg k dv hfrqrplhv  dqg 2 exw zklfk kdv 7 &￿





| lv Oruhq} vxshulru wr t￿
| lw lv dovr Oruhq} vxshulru wr t￿
|1E |
Sursrvlwlrq 8/ t2
|n￿ lv Oruhq} vxshulru wr t￿






i d q E n oo￿*j  jk
o7 &￿
|n￿










    1
55Vlqfh t￿
| ' t￿
| dqg 7 &￿
|n￿ : 7 &￿
|n￿/ lw iroorzv wkdw {￿
|n￿Ec 	 {￿
|n￿Ec1 Wkhuh0
iruh/ e| Ohppd 5 t￿
|n￿ lv Oruhq} vxshulru wr t￿
|n￿1 Wudqvlwlylw| ri Oruhq}
rughulqjv lpsolhv t2
|n￿ lv Oruhq} vxshulru wr t￿
|n￿ Vlqfh t￿
f ' t2
f dqg 7 &2
f : 7 &￿
f/
zh frqfoxgh wkdw t2
￿ lv Oruhq} vxshulru wr t￿
￿1 Wkh uhvxow iroorzv1
Surri ri Sursrvlwlrq :
E| Sursrvlwlrq 4/ lw iroorzv wkdw 7 &2
| : 7 &￿
| iru doo |:f Qh{w/ vxssrvh
wkdw t2
| lv Oruhq} vxshulru wr t￿
|iru vrph | Wkhq/ iroorzlqj wkh vwhsv ri wkh
suhfhglqj surri/ zh fdq vkrz wkdw t2
|n￿ lv Oruhq} vxshulru wr t￿
|n￿ Qrz qrwh
wkdw lq wkh lqlwldo shulrg 7 &￿
f ' 7 &2
f Vlqfh k￿ :k 2clw iroorzv iurp Sursrvlwlrq
4 wkdw 7 &2
￿ : 7 &￿
￿ Wkhq/ {2
￿Ec 	 {￿
￿Ec iru doo  dqg  Khqfh/ e| Ohppd 5/
t2
￿ lv Oruhq} vxshulru wr t￿
￿Wkh uhvxow iroorzv1
56Uhihuhqfhv
^4` Dlwfklvrq M1/ dqg M1D1F1 Eurzq1 Wkh Orjqrupdo Glvwulexwlrq/F d p 0
eulgjh/ Xqlyhuvlw| ri Fdpeulgjh Suhvv/ 4<9<1
^5` Doyduh}/ I1/ dqg Q1 Vwrnh|1 G|qdplf Surjudpplqj zlwk Krprjhqrxv
Ixqfwlrqv1 plphr/ +4<<8,/ Xqlyhuvlw| ri Fklfdjr1
^6` Dwnhvrq D1/ dqg P1 Rjdnl1 Zhdowk0Ydu|lqj Lqwhuwhpsrudo Hodvwlflwlhv
ri Vxevwlwxwlrq= Hylghqfh iurp Sdqho dqg Djjuhjdwh Gdwd1 Mrxuqdo ri
Prqhwdu| Hfrqrplfv 6; +4<<9,/ ss1 83:08671
^7` Dwnhvrq D1/ dqg P1 Rjdnl1 Wkh Udwh ri Wlph Suhihuhqfh/ wkh Lqwhuwhp0
srudo Hodvwlflw| ri Vxevwlwxwlrq/ dqg wkh Ohyho ri Zhdowk1 iruwkfrplqj
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 4<<:1
^8` Eduur/ U1M1/ dqg [1 Vdod0l0Pduwlq1 Frqyhujhqfh1 Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 433/ +4<<5,/ ss1 5560841
^9` Ehqderx/ U1 Lqhtxdolw| dqg Jurzwk1 QEHU Pdfurhfrqrplfv Dqqxdo
4<<9/ Wkh PLW Suhvv/ Fdpeulgjh/ PD1/ 4<<9d1
^:` Ehqderx/ U1 Khwhurjhqhlw|/ Vwudwlfdwlrq/ dqg Jurzwk= Pdfurhfr0
qrplf Lpsolfdwlrqv ri Frppxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh1
Dphulfdq Hfrqrplf Uhylhz ;9 +4<<9e,/ ss1 8;7093<1
^;` Fdvhool/ I1/ dqg M1 Yhqwxud1 D Uhsuhvhqwdwlyh Frqvxphu Wkhru| ri
Glvwulexwlrq1 Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|/ +4<<9, Zrunlqj
Sdshu Qr1 <9044
^<` Fkdwwhumhh/ V1 Wudqvlwlrqdo G|qdplfv dqg wkh Glvwulexwlrq ri Zhdowk lq
d Qhrfodvvlfdo Jurzwk Prgho1 Mrxuqdo ri Sxeolf Hfrqrplfv 87 +4<<7,/
ss1 <:044<1
^43` Gxuodxi/ V1 Qhljkerukrrg Ihhgedfnv/ Hqgrjhqrxv Vwudwlfdwlrq/ dqg
Lqfrph Lqhtxdolw|1 Lq Surfhhglqjv ri wkh Vl{wk Lqwhuqdwlrqdo V|psrvlxp
rq Hfrqrplf Wkhru| dqg Hfrqrphwulfv/ Z1 Eduqhww/ J1 Jdqgroir/ dqg
F1 Kloolqjhu +hgv,1 Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<91
^44` Hdvwhuo|/ Z1 Hfrqrplf Vwdjqdwlrq/ Il{hg Idfwruv/ dqg Srolf| Wkuhvk0
rogv1 Mrxuqdo ri Prqhwdu| Hfrqrplfv 66 +4<<7,/ ss1 858088;1
57^45` Jorpp/ J1/ dqg E1 Udylnxpdu1 Sxeolf yhuvxv Sulydwh Lqyhvwphqw lq
Kxpdq Fdslwdo= Hqgrjhqrxv Jurzwk dqg Lqfrph Lqhtxdolw|1 Mrxuqdo
ri Srolwlfdo Hfrqrp| 433 +4<<5,/ ss1 ;4;0;671
^46` Jxuu/ W1U1 Zk| Phq Uheho/ Sulqfhwrq/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<:31
^47` Odzudqfh/ H1 Sryhuw| dqg Udwh ri Wlph Suhihuhqfh= Hylghqfh iurp
Sdqho Gdwd1 Mrxuqdo ri Srolwlfdo Hfrqrp| << +4<<4,/ ss1 870::1
^48` Rjdnl/ P1/ M1 Rvwu|/ dqg F1H1 Uhlqkduw1 Vdylqjv Ehkdylru lq Orz0 dqg
Plggoh0Lqfrph Ghyhorslqj Frxqwulhv1 D Frpsdulvrq1 LPI Vwd Sdshuv
76 +4<<9,/ ss1 6;0:41
^49` Shuvvrq/ W1/ dqg J1 Wdehoolql1 Jurzwk/ Glvwulexwlrq dqg Srolwlfv1 Lq
Srolwlfdo Hfrqrp|/ Jurzwk dqg Exvlqhvv F|fohv/ D1 Fxlnhupdq/ ]1 Khu0
frylw}/ dqg O1 Ohghupdq +hgv1,1 Fdpeulgjh/ PD= Wkh PLW Suhvv/ 4<<51
^4:` Uhehor/ V1 Jurzwk lq Rshq Hfrqrplhv1 Fduqhjlh0Urfkhvwhu Frqihu0
hqfh Vhulhv rq Sxeolf Srolf| 69 +4<<5,/ ss1 80791
^4;` Urvhq}zhlj/ P1/ dqg N1 L1 Zroslq1 Fuhglw Pdunhw Frqvwudlqwv/ Frq0
vxpswlrq Vprrwklqj/ dqg wkh Dffxpxodwlrq ri Gxudeoh Surgxfwlrq Dv0
vhwv lq Orz0Lqfrph Frxqwulhv= Lqyhvwphqwv lq Exoorfnv lq Lqgld1 Mrxu0
qdo ri Srolwlfdo Hfrqrp| 434 +4<<6,/ ss1 5560771
^4<` Uxqflpdq/ Z1J1 Uhodwlyh Ghsulydwlrq dqg Vrfldo Mxvwlfh/ Ehunhoh|/ Xql0
yhuvlw| ri Fdoliruqld Suhvv/ 4<991
^53` Wdpxud/ U1 H!flhqw Htxloleulxp Frqyhujhqfh= Khwhurjhqhlw| dqg
Jurzwk1 Mrxuqdo ri Hfrqrplf Wkhru| 8; +4<<5,/ ss1 68806:91
^54` Wdpxud/ U1 Uhjlrqdo Hfrqrplhv dqg Pdunhw Lqwhjudwlrq1 Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro 53 +4<<9,/ ss1 ;580781
^55` Wrzqvhqg U1 Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld1 Hfrqrphwulfd 95
+4<<7,/ ss1 86<0<41
^56` Vkruurfnv/ D1I1 Udqnlqj Lqfrph Glvwulexwlrqv1 Hfrqrplfd 83 +4<;6,/
ss1 604:1
58